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STRACT

Intermsdistes for p-Acetamidooinnamic Acid HSynthesls.

Alter a review of the various methods found in the

literaturs, a seriss of reactions were gselected which

were reported to have gnod ylelds,

Using r-nitrotoluens aes a starting material, a
simultaneous oxidatinn and redustion with sodium
polysulfide was investigated &a» & means of making
p-~aminocbenszaldehyde, Experimental procedures and
Vields were reported, and improved methods of recovery

were deszoribed,

Using p-aminobenzaldehyde from the first reactinn,
& condensation with malonie acld, in pyridine-
piperidine medium, was investigated as a means of

preparing p-aminocinnamic acld,

A recommended procedure was deseribed, and some
sugpestions were made conocerning the compnletion of

the asyntheslis »f p~acetamidocinnamic esters,
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PREFACE

The purpose of this investigation has been an
sttempt to find a suitable series of lntermediste sleps
whioch lead to the syntheslis of p-acetamidocinnamic

esters,

The developman® of these intermediste steps hae
particularly been dirested toward attainment of maximum
yielde, and elimination of inefflcolient or dAiffioult
operatisng, In the orsliminary review of methods from
the 1lterature, all those with low reported ylelds

were automatically eliminated,

It ia hopsd that this work may have paved the way
townrd a commerclally praotical synthesis »f thess
intereating compounds,

William G, Pix

Rowark, N, J.
June, 1955,
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INTRODUCTION

radilable from 1

A preliminary search has revealed a number of
morrible intermsdlste routes through which the sstera
of p-acetamido-einnemic acid may be gynthesalized,
Although toluene is the basic starting material for
most of the intermadliates to De olted, 1t 1s a matter
of convenlence, in the aynthesia of a Tfine chemioal
aueh as this, $0 atart with one »f the commercially
avallable toluene desrivatives, & few »f these routes

are outlined below:

Ja. Benzaldehyde {1); via Perkin's condensa-
t30n+7¢9:12,13,22,25 g4 sinnamic acid (II); via
nitr&tianatzltgﬁ tn 0= and p-nitrocinnamic solds (IIT);
viz eaterification, followed by senaration of the
&

p~ leomer (I?);ai 11 ¢1g reduction® to the Deaminoe-

sater (V): and scedtylation to the p-scetamidocinnemic

sater (VI),

PGS rﬁ\?ﬁ:ﬁﬁcasﬂ PHICHOIH  NGHICHOOR
‘ ﬁ —~ﬁ>1\¢h — 1::E —_— ‘ “ —
<o’ N7 RO N

$3) (11) 1229

(3v)

CH: CHCONE CH: CHCONR

plus rytﬁ nlua !

RN 1



< CH:GHEO IR fﬁ;&\?x:cﬁnowﬁ
L S
Rbp ™ GQB{I*“}HE\
{(v) (vI)

ib. Benzaldehyde (I); treated as in Ia, except
that penitrocinnamic aeld (III) is lsolated, and re-
ﬁuaaﬁﬁ to p-aminocinnamic acid (VII): via esterifios-
$lon by the Fischer-3pelier method; via acetylation to

the p-acetamido cinnamic ester (VI).

CONGHO  SCHICHONOH \ﬁh 1CHCONH - - CH1CHCOR
; I i s ‘ )
! | ‘ —_— g e ——
N K’ Rf}?\/ ?@é‘ -
(1) (11 IIT) {VIE)
o0 GHICHRGDOH
plus;
. CH: UBCOOR L7 CHsCHCONR
% | —> ; :
:m?\\ CHCONR™. .
¥) (vr)
iis, snd IIb, Bensal chloride (VIII): via Caro's

Meth&ﬁ? to oinnmmic acid {IX); thenose in the same nan~
ner as in Ia and Ib above,

(a},/*,§5013_/x“}?H:€HﬂS&H - ﬁ%:ﬁﬁﬂﬁsﬂz,f‘ CH:OHC VIR

§ f— e —_— ] - >

K/»j !%_, % ?\35}». %?3%\\"
f¥III) (11} {(111) (IV)



" GH:GHEOOH L GHIOHCDOR
plun - B ‘“_
L HOp S Nog
(111)
> CHICHCOMR .~ CH:CHCOOR
: ‘
NHPX, CHAGONHS,
{v) (V1)

(b{;y>\f501g{¢t‘\ﬁH:CHGSGH fy3*H¢H:CﬁCQ%H§, “§H:CHCSQE
i s ’ ‘ i
R A

i —> > >
’n‘ . ‘\,f‘» g{fz\v NH} i -
(VIII) (1) (x1n (vin
F,/\TgﬁzﬁHCGﬂH
pluQE\ ¢
- HOs
”  CH:CHCOOR - CH:CHCOMR
NHSX CH3GONM ™.
(v) (vI)
Ilia 4 . p~Nitrotolusne (IX); via oxida-

tisn,lS’lé to p-nitrobenzaldehyde (X); via Perkins
con&ansatlonz'la $0 p~aitrocinnamic acid (IIl1}); thence

via scetylation sither before (b) or after (a) esteri-

fication,

(a}g?' GRB M CHD ~ LGH:GHCOOH . CHICHODOR
r ¢ ! ! ’ -
R N —

§ox_ 7 NGO T NGBS N3p.
{13 $3) (111} (1v)



_~~EH:CHCOOR "~ CH; CHCOOR
! " 7\-
ﬁé%&h/' CHaCONH' .~
) (¥1)
(b -~ CHy - CHO “/’";CH:QﬁGOQH T GHEAGHC Y E
' — > 1 — H -
N NO3-. MOy NHZ
{IX) {x) (111) (VID
" GH:ICHCNOH ~  CH:CHCNOR
| — o
CHACONRR, CHACORH  ~
3 (XY ¥ (V1)
1lle d. p-Nitrotoluene (IX); viae chlor-

insztion $o penitrobenzal chlorids (XII): wvis Caro's

method” to p-~nitrocinnamic acld (IIT); thence as in

I"ia and b,

(a) CH3 - CHClz _»7 -CH:CHGOOH .~  CH:CHCOOR

- ~

o —_— : i . —
NP s W~ NOs . 7
(1x) fxzn) 11I) fn)
. CH:CHCOOR # CH:QHCOOR
vy CHaCONH
(v} (¥1)

(b) ™CH3 . “CHClp _“-CH:CHOOOH .~ CHICGHCNOH

2= B

£ BOZ N NH3-~
(1K) {(X11) I1I) (V1IT1)



(™ EH 1 CHEOOH B HICHOOOR
; ; —_— g

L © .
CHCONBS, -~ CH4CONE™S.
(X1) (vI)

Iile, op-Nitrotoluene {(IX); via simulianeous oxi-

1.1(} ‘17’21 Q?EI’?S ,?? Lo ’s"w&?ﬂil’!r}w

dation snd reduction
benzaldshyde (XIII); asetylatinsn %o p-acetamidobenral-
denyde (X1V): condensation with malonie aai618s19t3 5o
r~acrtemidocinnamic seid (XI); via saterification to

pegostanidocinnamio ester [VIY,

ANEH3 T CHO - -LHO 27 GHICHCOOH
R, © NHD..  CHaCONH™. CH3CONE™
(1) (X11I) (XIV) (X1}
" NEHIGHOOOR
cﬁ3canﬁkg
(v

IIIf, ov-Nitrotoluene (IX): via oxidatinn and re~
duatisn sg in IIle; via condensation with malonic acid
to form p-aminoecinnamie seid (VII); vis amoetylation

and subssguent eatsrification to p-scetamidocinnsmic

asger,
P o B ~" CHICHCOOH .- CH:CHCHOH
. s s .
LB Ny NH3 CHACONH ™

(1) (XI11) (vin (X1)



~"~~GH: CHOOOR

i ,
CHyCORA,, ~
- {vl)
Preliminary Conelderations
“he forsgoing posszibllities are narrowed down
apnaghat by a closar inapection of the methnds used,
In route Ia, the produstion of an expsnsive and uaeleas
by roduct, o-nitrosinnamic sater, is not econnmical,
In route Ib, the separstion »f o~ from p-nitr cininsmic
acid, before seterification, may be difficult or nearly

imposnible,

In routes Ila and XIb, the same problems are 2n-
countered subsequent $o the nitration of the clanamic

aold,

The routes under IIIa and IIIb eliminste Shese
geparationa by the use of p-nitrotoluene as & starting
material, However, the oxidation methods avallable ape
difficult to sontrol, and are accomnanisd by low

repoprted yields,

The ateps desoribed in TIlc and ITIA involve an
expensive separati-n of mono~ from di-chlorinated
compounds by vacuum frastionation, since therse com-
pounds have gorrosive propertles and high boliling

palnte,



The simultaneous oxidation and reduction outlined
in IXTe and IIXL appesrs Lo have good possibllities,
and possesees none of the disadvantages already men-
tioned in connectinn with other methods, In view of
thecs considerations, further investigatlion has been

concentrated on the development of this =wthod.

p-aminobengaldehyde. The simultaneous oxidation
and reductlon of p-nitrotoluene to produce p-zmino
benzaldehyde by the use of alkallne polysulfides was
dlscovered dquite asome years sgo, snd was patented by

Geigy & Co. (German) patent 86874 (189s),28

Several variations of this prevarastion are
deaoribeal+10:17:71,23,27 ahe main a1fficulties met in
these preparatlons were formation of thio- derivatives
through use of exoess sulfur; lncomplete oxidation,
from insufficient sulfur, resulting in by product
p=tnluidine; and self condensation to form a Schiffty
bose (dimer) or higher nolymers, with resulftent loss of
yields, This latter resctinn is sccelerated by acids,

especlially traces of minsral &eids.Zl

The sulifur rejuirement was thoroughly Investipated

1 who concluded that the sulfur

by Beard and Hodgson,
must be nregent in such preoportions as to form esdium

tetrasulfide in the alkaline /sodium hydroxide) medium,



in omler to achieve maximum conversion to the desired

n=aminobenzaldehyde, They report yields up to 74,6%,

Huey snd Rollschaferl? hove patented an acetyla-
tian »roeedure which immediatsly {ollows the synthesise
>f peaninobengaldehyde, in order %o protect it from

melf econdensation.

o-Agetsmidoeinnamic oaold, It ls interesting to

note here that the Perkln econdensation, using sodium
acetates and acetle anhydride, which was used to convert
bengaldehyde and nitrobensaldehyde to the corresponding
cinnamic acida, could not be utilired with p-amino- op
pwaaetamiabanzaldehydac.18 Pue %o thes influence n?
negntive subatituente zuoh as NHp or CH4CONH- in the pe
nagition the Perkin enndenszati-n willl not tske place
with thege latter szubstituted benzaldshydes, t was
therefore neceszaary to resodrt to a condensation with
malonie aeid in pyridine solution, in the uressnce of

a zecondary amine such as piperidine or dimethyla-
mine3s18,19,26 a4 deseribed by Knoevenagsl, Doebner,
and Shopoee, The latter has renarted 78% conversion

by this method,

n-hoetamidoeinnamie eater, The Fischer-3peier

methrd of ssterilfication aeema quile reliasbie, and hos

been used with nitrocinnsmic aciﬁs.gill Aminoe-



substituted acids such sg p-aminobengzolic scld have alao
been eaterified commareially Yy this method, However,
the investlgatlion »f this method, %o tomplete the
synthesia »f n-~goetamidocinnamlic ester, wes not under~

taien 1a the nresent work.



EXPERIMENTAL

p=Anino- and p-Acetamidobenzaidehyde

1. Atteumpted preparation of sodium polysuifids
(Huey ans Rg&;gchaiar)‘l? Following the methnd dese

crived in the patent literature, 55 gm of sulfur

Tlswers were stirred into 20 gm of 30% asdium hydrozide
solufbion at 80 - 910°C, resulting in incomnlete nolution,
Two hunired f1fty gm additionsl of water was added and
the mixture was apasin atirred and heated, Some more
sulfur appeared tn dissolve, only Io reonrecipltate on
standiug, Since s homogensous rolysulfide mixture waa
not achieved, this method waa dlacarded in Pfavop of g

more asxtialactory one,

4

e suarstio acetamidobengeldehydes. The
methic of Huey and Rollschaferl’ was followed, but
with 2 difTerent sodium polysulfide preparation. on
the Bralis of 55 gw of sulfur requlred Tor the oxide-
tinn and reduction, »reparation of sodium tetrasulfide

e rhtemmted,

Cighty-three gm sodium sulfide nonashydrste, 757
=t of water, and &) gm of sulfur flowers were stirred
toaether and heated, ALl but the minoy noriion of She
sulfur dissolwed: %this slight exoeses was Flltered ~fT,

The anlutlion was gtored one weel, with only allisht



11

additional precipitation of sulfur being noted,

This solutisn was added t5 a solution of 91 gm
p=nitrotoluene in 370 ml of ethyl aleohol (8D 3A) at
7% - 809 ¢ over & two hour varind, The mixture was
then refluxed for two hours sdditional, and alechol was

removed by distillation,

The resulting heavy olly layer was drawn off while
hot, and heated with 78 ml »f scetic anhydride, During
the above separatinn, yellow srystals of unreacted
p=nltro tolusne forsed in the aqueous layer, Altsr the
acebylatad mixture satond for Tive drnye, a deposit of

red crystals Formed.

Tne orystalline mass was broken up and wnixed with
251 ml of water and the mixture was adjustad to nH
6,5 ~ £,8 with sodium hydroxide nellets, 3ixty gm of
sodium bleulfite (55 gm sodium metablisulfite) was
adced to the sbove mivture and stirred, A pasty snlid
formed, which diseolved »n heating to 500 ¢, but pe-
Tayreed when cooled ¥n 2850 {, After the liquor was
remved by filtration, the cake was slurried several
timss with water, The combined riltrate and washes
ware made alkaline with sodium hydroxide nellets and
p~uottaaido benzaldehyde was precipitated, The aslid

#@oa filtered, washed, and dried, M, b, 147 - 1490 C
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{p-asetamidobenzaldehyde), Barely enough yield was ob-
talned to be able %o determine itas melting point,

The residue oake wans heated with dilubed hydro-
chloriec acld, cooled, and filtered, The filtrate was
neutr-lized with eodium carbonate, and the resulting
precipltate, about 3 gm, was filtered, washed, and
dried, M,P, 1507 ¢ {(n-acetyl p-toluidine),

The solid residus cske was steam distilled and
reorystallized from benzens, About 1 gm of large col-
orless orystals formed, H.P, 51° ¢ {unreacted

p=nitrotoluens),

nical grade sodium polysulfide flake was obtained,
Agsuming this to be malnly sodlum tetrasulflice, 75 gm
should contain the required 535 gm of sulfur, There-
fore, 75 gm of the flake sodium polysulfids were dig-
solved in 300 ml of water, and run into a mixture of
91 gm of penltrotolusns in 300 ml of ethanol, at 78 -
800 ¢, The mixture was then refluxed three hours at
839 ¢, The aloohol was distilled off and the residual
0ily laysrs separated while hot, During the senpara-
tien, an upper aquecus phase, and two non aqueous
phases resulted, The two non aquecus phases were

acetylated separately, mach with 78 ml of acetic
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anhydride,

A small portion of the orimson lighter o0il was
dlssolved in aloohol, but would not oryetelllze, How-
sver the o1l gave & phenylhydragone, M.P, 1739 C from
sthanol, indiesting derivation from p-aminobenzaldehyde,

Both of the sbove asetylations ware guite vigorous,
and when ocomplste, were cooled over the week snd. ¥ach
wags than poured into 250 ml of water and neutrallized
to pH 6,8 with goldium oarbonate. Fifty five gm of
godium metablisulfite was added to each nortion and
stirred, The resulting ocakes were filtersd, and the
liguors precipitated with sodium hydroxide pellets.

The filtered and washed precipitates were rsorystal-
lized from ethenol, M,7?, 1%53% ¢, Both proved %o be
p~acetanidobenzaldehyde, The tntal yield was estimated
to be sbout 3 gm.

The residue cakes {from bisulfite treatment) were
recrystallized from sthanol, BPBoth produced a yellow
eryatalline material, ¥.», 145° ¢ (Neagetyl-p-toluidine,
by wrosuet). The total yleld was estimated to be al-
most 10 gm,

Some of the p-acetamidobenzaldehyde was converted
to the phenylhydrazons, ¥.0. 209% ¢, from ethanol., It
was therefore proved that the nroducts of both the
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non-agueous phases were identical, alshough one con-

tained mostly product, and the other, mostly by-nroduet,

amidobengaldehyde, After

the methnd deacribed in Organie 9ynthesia,23 & rapld

addition of the polysulfide reangent was tried, FEighty
gm »f flake sodlium polysulfide (a alight excess) were
dissolved in 300 ml of water, rreheated to 70° ¢, and
sbout half run at 70% C into a mixture of 21 gm of
v-nitrotoluene in 3NC ml of ethanol, At thlsa point, a
vigorouz reaction started and mddition was stopped
momentarily. ‘hen bolling had stopned, addition was
resuned at a rate so as to maintain refluxing at 84° C,
dhen the addition was somplete, external heat wss ap-
plied, and the mixture was refluxed at B4 C for a

total resction vama of two and one half hours,

The ethanol was then distilled off until the
temparature reached 1007 C., The olly layer was next
senarated, while hot, in & prehested asparatory funnel
and waghed once with hot water. The aeparated oll was
slowly ooured into 78 ml of scetic anhydride and
refluxsd at 952 C for thres hours., The acetylated
mixture was poured into 250 ml of water and neutral-

liged with sodium hydroxide vellets,

Fifty five gm of sodlum metablasulfite was added
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with good atirring. A% thls point, the mixture aolidi-
fisd into lumps which were very 4ifficult to treat,
Therefore, SO0 ml of shloroform weye added until all
solide were In solutlon, either in the chloraform, or
in the blisulflte~aquenus phasze, After shaklng well,
the agueous layer was drawn off and precipitated with
aodium hydroxide pellets, The finely dividsd precini-
tate was alow in filtration, and was allowed to stend
ovar the week end, The flltered and washed precipltate
was dried at 110% €, yielding 12 gm of erude material
(11% of theory), The theoretical ylield of p-acetamldn-
bengaldehyde 1z 108,2 gm,

The chloroform layer was evapsrated and dried at
110% €, yielding 43 gm of crude n-acetyl p-toluidine,
(43,4%), If no oxidation took place, this reastion
should produce 93 gm of this compound.

The foregoing ylelds account for only 54.4% of
the total material invelved, Therefore, ths methods

of recovery are at fault and lmprovement 1 needed,

moat of the difficulty in the forsgolng experiments
aroas from the formation of insoluble aollds, as a
reault of the aocetylati-ns, a simllar preparation was

made, omitting the acetylation step,
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The polysulfide solutlion, as before, was added
aver & one hour perisd, followed by three hours »f
vrelluxing, After distilling off the aleochol, the
mixture was extracted while warm (50 - 55° @), with

two portions of chloroform (500 mi and 100 ml),

The chloroform extracts were then shaken with
53 gm KapBp0x in 250 ml of water. The resulting
Pisulfite addition comnound eolidifled, and alter
draving off the shloroform, was extraoted rersatedly
witn warm water, The I'iltered agueous extracis were
precipltated with sodium hydroxide pelletz. Upon
filt~ring, wanhing, and dryiag, 26,7 gm {33.2%) of
aruds pesminobenzaldehyie wers obtained,

The dried s80lld bisulfite residue was heated with
1000 ml of aleohol, flltered, and diluted with thywee
volumes of water containing a 1ittle sodium bisulflite,
The slight resulting turbidity was reqoved by filtra-
tion with Hiflow Filter aid, snd the solution made
alkaline with sodium hydroxide pellets, The recovered
nracipitate, upon drying, yielded aa sdditional 3.5 gn
p-aminobenzaldehyds, (4.4%); total yield, 37.6%,

liron evaporatisn, the chloroform laysr yislded
£.3 gm of impure p-toluldine, as an oil. No phenyl-
hydrazone could bs obtailned from this oll, indlcsting
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the absence of any aldshyde, The ftotal racovery vag
then 8,9% by-product and 46, 5% ~roduet,

In addition to difficults all ready mentioned,
tracen of chlorolorm were ssrried inte the aodium
hydroxide precinritatinon, This produced a foul, pungent

odnr Suea o formation of traces of an isocyanide,

2inces the

previous acetylatlon was fhought to ald eelf condensa~-
tion, 71.2 gm of dried p-aminobsnzaldehyde were
sua-ended in 100 ml of pyridine, and warmed %o 50° ¢,
Twenty five ml of aostic anhydride was added over a

10 minute perisd, with atlrring. The mixture was then
heatsd %o 500 , and allowed to oool, The mixture waos
ehilled with loe and filtered., The resulting oake was
dried, slurried in sodium carbonate snlution &t »H 7,5.
This was Filtersd, washed, and dried, yielding 11.5 gm
{33,24) of p-acetomidobansaldehyds,

hyds., Uinsty-one gm of pe-nitrotoluene wes treafed as
befors, and after distilling <off the aloohol, the re-
sulting 211 was separated while hot, In an attempt %o
find a method of ancetylstlion whieh woulé reduce the
tendeney nf the p-sminobenzaldehyde %o rolymerige, a

low-tempersture acstylation dsccribed by Fleser?? waa
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tried, The »il was run into & mixture of 1500 ml of
wataer and 50 ml concentrated hydrochloric acid, This
was warmad o 50° ¢, and 70 ml of acetic snhydride were
added , Tollowed immedistely by a solution of 90 gm of
godium aocetate erystala in 300 ml of water. The mix.
turs was cooled in an lce bath, the solids filtered
of, washed, and dried, The gresater porti-n of this
moterial waa a dark red gum, insoluble in alenhol,

The dark red color, and laeck of aolubility indicated
that the materlal was largely & condensation polymer

of no further valuse,

?; A ! :.; mohe
In order t> determine the affect of invertsd addition

of the reactants, 91 gm of p-nitrotoluens in alachol
aniutisn at 60° ¢ was added over a 1-3/4 hour reriod
t6 the solution of flske polysulfide at 70 ~ 85° C
with afficlent mechanical apgitation, Arlfter the firag
hall hour, the alcohol was diastilled off as the addi-
tlon continued, ‘hen all the alcohol was diatilleq,

the mixture was 8tssm diatillied to & clear distillate,

The reaxidue in the flask, upon separation, welighed
only 5,2 gm, ss=zuned to be nroduct. On this basia, the
77 g »f ateam dletilled solide should havs contzined
7.2 gm of p-toluidine by nroduct, and 24,8 gm ot

p-nitrotoluene, unpsacted, It was obvinus that this
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m=thad was not at all satisfactory.

prevarstion was based on the =ethod described by Beard
and Aﬁﬁgs@ﬂ,l Their wark pointed out the necesalty »f
stiyl aloohol and godium polyaulflde as tetrasulfide in
tils reaction, snd eliminsted the slow addition; used

in osther meihods,

FiTty gm penitrotoluens, 30 gm ﬁagg»g"ﬂgﬁ, 12,5
gro sulfur flowers, 22.5 gm scdium hydroxide, 600 ml of
water, and 370 ml of aloohol were stirred together with

panG wohanloal mglitation, and heated %o reflux, BUC G,

After refluxing for 30 minutes, n clear homogenous
mixturs regulied, from which the aloohol wee then
diatilled, p-Toluldine wae then removed by ateam
diatilliation, and clear distillate was obtalned after
about BOO ml had passed over, 4 very amall amount of
011 {about 1 ml) separsted from the distillate, on

atanding,

“oe% of the olly layer was separsted from the
rezction miztwrs whils hot, and aftey chilling, the
remaining nil was removed, Thirty gm of ﬂ325205 in
250 ml of water was added %o the oll, and atirred, To
al

o)

mixing, ether was ndded, shaken, snd drawn off,
The ather portilon ylelded 4 gm (9,64 of p-aminobenzale
dehyde,



The squeous portion was filtered and adjusted to
pH 8 with sndium ocerbonate, The precipitate was file-
tered, washed with loe water, and dried, Yield, 10.5
gm (3,7%) of p-aminobenzaldehyde, Total yleld, 33.3%.

af tue srwll portlon of by wroduct in the steam
dletlilate, in the previsus experiment, s graat deal

mar: croduet peamincbenzsldehyde was nroduced in the
resguion than was recoversd, In order %o inoresse this
recoavery, and at the susme time eliminate the emulsions
encountered when shaking ocut with sther, (the oil solidi-
fies on cooling} an exhaustlive 11@@1& extrection with a

higher boiling ether wsg proponed,

The reactlion was run a&® ln the previ-ous experinent,
and safter the stesm distilladion, the mixztuwre was gent
out Ior extraction with lsopropyl ether, in & liguid-
1i2uld axtraetion ap-aratus, After some hours »f piil)
extractilon, the extract was returned and evapsrated %o
drynesc, Yleld, 18 gm of light yellow orange p-amino
benra”dehyde were obtalned, (343)., It was later
learned thet this extraction was not oarried to
axnaustion, a8 18 done in Boxhlet »rincirle extrac.

tionna,

Bsozuse of the time slapsed betucen reackion and



extraction, & lot of the oil hed so0lidifisd upon Cool-
ing, and may have been harder to extruct than a 1iquld

woeinld heve been,

g, In znite

af emulszion poseibilities, and lack of speclal equip-
ment, 2 hot extraction of the reactlon mixture wae

attem-ted,

The reactisn waas run ua before, but before the
steam stripped mixture had cooled, below 500 €, it was
shaken out several times with lsopropyl ether, Upon
further c¢ooling, 01l became very visoous, snd aggra~

vated ermulasion formatisn in subsecuent extractions,

The filtered exirsols were evaporated and drisd

in wvacuo, ylelding 20.1 gm p-aminobenzaldeshyde, {45,79),

The steam distillate was extracted with ether, and
gave 4 gm of orange colored oil, which gave ne phanyl
hydrarone derivative, It tharefore nould have con-

tainad »nly p-toluidine and unchanged p-nitrotsluene,

p-fmino- and neAvetanidocinnamic Acide

The next series of experimenta were made 35 chack
tha malonle acld condensatinn deseribed by Ehgﬁwaei?é
and to inveatizate the necsssity »f acetylating p-snimo

benzaldehyde before the condensation was carried out.
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?h@é acetylation is covered by Huey's @at&ﬁt,ly
and has'not been very successful in those methods tried,
due ha?&ﬁe tendency of the amino group %~ ¢nndense with
the /aldehyde group in preference to becoming acetylated,
2hare?§ra, iT p-aminobenzaldehyde will successfully
aenésAﬂg with malonic acld to form the cinnamle acid,
thia p-aminoolnaamie acid eauld then bs acetylated with

no further denger of sslf osndensation.

11. Preparaiion »f v-acetamidoginnamic aecid.

Tieven &nd one half gn of p-acetamidobsanzaldehyde, from
experirent 5, and 7,48 gm of malonic acid were heated
on a boiling water bath in 17.5 ml of pyridine and 0,7

ml »of pireridine,

The pasty mass soon went into solution, and a
stesdy evolution of (D2 began., After two hours, the
evolution of gas ceased, and the mixture was poured
into 200 ml of ice water contsining 17.5 ml of glacial

acetic aeid,

A% this v»oint, some preocipitate formed, but most
of the vroduet separated as a viscous oil which slowly
en1ilified upon coolling, The aquesus golutlion was
filtered off, and the orude praduct resryatallized
from bolling ethanol. ¥ield, 1.7 gm (11,8%), ...

9880 ¢, Pure p-acetamidocinnamic noid melts at 2612 G,



Twenty and one-tenth gm of p-aminobenzaldehyde, from ex-
periment 10, and 17.35 gm of malonle acid were heated
with 41,4 ml of pyridine and 1.65 ml of piperdine as in
the previous expsriment, Upon pouring this mixture into
700 ml of lce water and 40,5 ml of acetic aeid, a small
amount of preclipltate and a large ampunt of red oll wers

obtained,

The precipliate was separated, dissolved in sodium
hydroride asolution, and reprecipitated with acetie
acid, Upon drying, this tan precipitate melted at 1640
0.' The melting point of pure p-aminocinnamio acid is
176° €, Thare was not snough of this material to weigh,

The oll resisted solution with solvents, acetic
acld, or sodium hydroxide, but dissolved in ¢oncentrated
hydrochloric acid, After heating with charcosl, and
filtering, the soluti~n was made alkaline to pH 10 with
aodiu~ hydroxide, The lemon yellow precipitate wes
filtnrsd, washed, and dried. This material melted
abave 2000 C, and from its reactions, was asaumed to be
the hydrochloride of p-aminobenzaldehyde, whioh shnuld
melt some 2009 € above the melting point of the amine, 20

It was apparent that sinee the p-aminsbenzaldehyde

war expased 8o the setlion of the malonic aeid in this
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exneriment, Pefore the addition of the pyridine and
plperidine ocatalyet, it must have formed s polymer,
which later broke down to monomer when treated with
concentrated hydroohlopric acid., Thersfore this exnari-
ment was repeated, taking csreto add the malonie acid
to the mixture last,

tasn and one half gm of p-aminobengaldehyde, from

exeriment 3, were suspended in & mixture of 29,8 mi
of »yridine and 1,19 ml of piperdine over a boiling
¥ater brth, Twslve and one half gm of malonic acid

were then added, snd the mixiurs heated for two hours,

Ths mixture was then poursd into 500 ml of ioce
water containing 30 ml of concentrated hydrochloric
aclid, A large volume »f orange precipitate was ril-
tsred, washed, and dried, Crude yield, 13.4 gm (68,4%),

A portion of the orude materigl was recrystallized
from boiling water, M.P. 168° ¢, p-Aminooinnemic acid
melta at 175° C. A second portion was converted %o
the saodium salt, wsing sodium csrbonate solutlon, &
yallow precipitate formed upon neutyrsl ization with
dilute hydrochloric acid, but as pH was lowersed to
decnm nse excess carbonate, it changed tn a light

arange colop., This nrobably indicated the foarmation
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of the hydrochlorlide of pe-amino einnamlio acid, first
areciplitated, This theary waasa borne sut when the dried
material was very difficult to melt {(greater than 2800
C). This hydrochloride is eatimated to melt at 375° O,
no data available,

" The hydroohlorie acid was ussd in the initial nre.
cipltation, instead of acetic acid as in previosus
exnerinents, An order %o sid solution of any unrescted
p=aninobenzaldehyde which might tend Yoward oll forma-
tisn with the p-aminocinnanmic acid preciplitatve,
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Qzidation and Reduetion of p-Nitrotoluene

In order to batter correlate the varinus resction
and rscovery ¢onditlions tried in these experimentasl
rung, the ylelds together with the more pertinent faoc-

tors are tabulsted below,

Table I
Yielde nnd Condisions of Treatment

Run ¥ield Bemarks

e Reactinn lnoomplete, no excess alkall,
3 o Flake nolysulfide, v»roducts 1dentified,
L 11,08 Flake polyasuifide, 43,44 by »roduct,

5 37.,6% Hot ehloroform extractisn, Bisulfate

isolation, no acetiylation,

£
b
o
bt

Yield lost 4in acetylation,
nil Reverse sddition, little reaction,
3.,3% Sodium tetrasulfide, steam distillation,
ohilled separation, blaulfite isolation,
9 34,08 BSame, except cold continucus extrastion,

10 45,78 Same, axcept hot hand extraction.

Discussion. The results tabulated above gerve to
point out the contribution of certain fectors toward
ineressing ylelda in the simultaneous oxidatlion and

redusti-n of penitrotoluene with sodium polysulfides,
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Filrat, 1t ia noted thal sodlium telbrasulfllide pro-
vices more product with a minimum of by wrodudt than
those poalyaulfides of ~ther compoaltions, Thie also
confirms the findings of Beard and ﬁ@ﬁgson.l

The main reason for the low yleld in run 7 was ate -

tributad to low aleshol consentratinn by virtue of the
reverse additlion, and ra Ad removal of the ssolvent,
Besxrd et al found this to be true, and also nroved
the sdvantage of ethanol over other aleochala, The
rreasnce of gome methanol {Speclsl Danatuprsd alaohosl
#35 wee used in all these exparimenta), about 0%, may
acoount for the fact that the ylelds reported with
etianoll were not here realized, However, this last

poeribility has not been confirmed,

The asetylatlion methods tried ssemed %o contri-
bute 1ittle towsrd preventing self ocondensation, or

taward facilitating recovery.

The use of ateam &istillation ag a means of by
product removal seems unnecessary, when sodlium tetrs
aulfide ie used, slnoe the small perosntage -1
p=toluldine by-product may be sliminated by other

methoda,

The use nf & hot solvent as a means of removing

p~eminobenzaldshyde, wvhile liquid, from the raaction
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mixture has glven gond recovery in runs 5 and 10. The
use of chloroform, however, ls not recommended in com-
binatisn with amines and hot alkell, because of the
formetion ~f rolironour and undesiresble iamocyanides,
ITsmronyl ether has -roven satisfactory, and bensenes

mivht znlao be used,

The bisulfite addition compound »f pesminobenzalde-
hyde has fnrmed a pasty mass on every occasinn and
pres~nts & lot of handling difficultliea, This sten
mignt well be eliminated and isolation done by other

mesng, poasibly in the next step of the synthesis,

The 1iquid-liquid extraction used in (9) affords
the ideal method of recovery from the aqueous alkaline
rezction mixture, Thle special apparatus recycles &
eontinusus flow of redistilled solvent through the
agueonus liquid brich to he sxtracted, With suitable
mediflostion to keep the extractinn chamber hested to
Juast below the enlvent bolling -oint, the rate of
solution would be greatly increased, In the case at
hand, this is atlll mors important slnce the materlial
to be extrsoted becomes viscous, then solld, at lower
tempearstures, The lack of sghaking in this extraotor
also minimiges the Tormation »f emulaslons with the

alkaline polutlion,
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The yislds obitained by Beard eb all were ianlated
by condensation with phenylhydrarzone, & method whioch 18
of an value, Af p~zminobengaldehyde in desired as

mraduct,

Londensstiona with Malonie Acdd.

The only method trised in these sondensationg was
that described by 3nap§ea25 in his preparation cf
p=dimethylaminoeinnamic aclid, He reported a 784 yield
in & similar eondensation using p~asetamidobenzaldehyde,
but yave no further detalls of the methnd,

In the firat condensatisn, p-acetamidobsnzaldchyds
wae used, but gave only 11.5% yield, due %o enough
imoupitias present to prevent rroper corystallization of

the “rodust,

The second run {12}, was made using p-aminobsngzalde-
hyze, bu% since the reactants were not comblined in any
snncial order, a great deal of sslf condensabtlon took

plece, sand the run had to be repsated,

Taking csre to add the malonlo asld last, and us-
ing hydrochlorie acid in the precipitation, produced a
yisld »f 68,4% of -aminoelnnamic acid in run 13, This
latter chenge has the advantage over acetic acld as a

rrecinitant, since imvurities and by products such as
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p-toluidine and unreastsd p-aminobenzaldehyde tend %o
remain in solutlon,., This precipitation might well also
seyrve as the main separation of by-product carryover

fr-m the sxidation-reduction reaction,



CONCLUSIONS AND RECOMMENDATIDHS

Prevarstion of p-Aminobenzaldehyde

¥eghaniem of the peaetion. As pointed out by
Eeard end Vodgson,l the final products of the tre2ntment

of r-nltrotoluene with shdium polysulfide are deter-

mined by the comuposition of She polysulfide reagent,

In order to promote oxidation o»f the methyl groun,
there muat be suffleient loosely bound sulfur present
to act as an oxldizing agent. Thia has besn found to
be most effilcient when andium tetrasulfide or an

equivalent mixture ls used,

in an agueous, aldaocholic, alkaline medlium, this
sulfur attacks the methyl groupr of p-nitrotoluene {(IX),
and converts i1t to an asldehyde proup, liberating hydro-
gen sulfide, Thie hydrogen sulfide resots with the
arkall »resent, to form sodium hydrnsulfide, As the
resuls of sulfur loac, the tetra sulfide hecomss
wra3mifids, end then the monosulfide and hydrosulflide
attacx the nitro groupn, redusing it %o amine, “hen
ouly menosulfide 1s present, reduetion dbut non oxidae~-

tion talkea placs,

The overall reaction may be reprscented by the

gquatinny
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2 Ne,8), + 6 (CHy-Ph-Mip) + 4 NadH —>
6(CHO-PheNH,)} + 2 NaHY + 2 Napg830q + Hpd
whers 0,33 mol of esdium tetrasulfide and 0.67 mol of
socium hydraoxids ars reouired for each mol af p-nitre
tsluene, The oxidatinn of the methyl group takes place
se¢cording to schematic representation given by Beard

and ﬁaégson:l

N-H

i

Nar3577 L-g-g
Soe o & conditisng, The best conditions

for vroper direction of resotisn prapress aArs given in
the following exew-le, (One gm mol of penitrotoluene
re uirea one-third gm mol of sodium tetrasulfice,) To
£nn ml »f water are added in order, 27.5 gm of sodium
hydroxide pellets, 3¢ gm of sodium sulfide nonohydrate,
1% gm of sulfur flowers, 50 gm of p-niftro toluene, and
30" ml of ethsnol, If the latter must be denatured,
Spscial Denatured formula 28 (benszene) 1s recommended,
to avold possible lowered yleld= from denaturants asuch

as methanol,

Good mechanical agitatinn is recommendsd from the
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start of the addition, through- ut the resction time.
¥nen the reactante are nll added, a reflux condenser is
sbtached, and heating commenced, The reasetln takes
place nver a 30 minute period at the reflux temuera-

ture, w4 - H5% C,

Separation snd racovery of produsct. When the

above reactlion ccndisions are followed, only sbout 10¥
of by-nraduots are farmed, Thsse have been successfully
remnved by steam diletiilation, but the high femnerature
invalved may have a detrimental effect, such ag accel-
erating rolymerivetion of the dsgired p-sminoben-sldew
hyde, Therefors, a hot solvent extraction ie
recomrended for the remrval of sll organic compound
from the resction mixture, and bBy-product separatlon
may be done later, Isopropyl ether haes been gquite
gatiafactory for this purpose, and bengzene might sl=mo
bs used, The labter had the adventags of drying the
exiracted materisl as tne solvent is distilled ofrl,

valoprinated soivents are not reconmmended,

peAminobenzaldehyde cryatallized quite well from
both isopropyl ether, and bBenzene, and ~ay bs re-
eryatnllized at this nolint if desired, rather than be-
ing commletely resoovsred by evaporation, It is c¢one-
nluded that in view nf the fnlloulne sten in the

rynithesis, the removal of by sroducts may b2 easler
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after the malonleo acid onndensation, rather than by use

af «:d3iumn bisulfite &t thie point,

Jragarstion of pe~Aminoeinnamic acif,

rachendiam of malonic acld condengatinn., VWhen an

gromshic aldehyde (XIII) 4s heated in & basic medium
sush as pyridine, with Straces »I a secondary base,
ploeridine, 28 & catalyet; the beta carban 51 malonie
acic {AV' condenses with the aldelyde group, elirdnat-
ing a molecule of water, Thls enndensation irndiuces an
unsnbursted beta dincid (XVI)., The Qiacid 1s then
partially decsrboxylsnted by lnss of one molecule of
carbon dioride, and the unsature-ed monoacid (VII)

la _poiuesd,

Smem e COOH _LGD0H
; H O+ ﬁzg—c YOR CH1CZC Y + H0
—
AE HE
20511 (XV) ZxIvy
;: {;{ lﬁ
/ 6?%:556;{%3
—>
N
Y IVY

In the case % hand, 1t has been noted that one addi-
tlongl -recaution is nesedsary, with n~amino beanzalde-
hyde. In nrder tn »reveant self condensati-n by direect

actinn of 2 atrong (malonle) acid, 1% was found
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negessary to firat combine the amino.sldehyde with the
eatalyst and basiec medium, and add the condensing apent,

malonlie aclid, last,

Specific reagtion conditions. The recommended

nrogedure for the malonic aeid conliensation 1is =met

forth in the rollowing example, To a solution of 1,19
ml of piperidine in 23.8 m] of pyridine, 1s sdded 1&.3\

N

gm of p-aminobenzaldehyde, and the mixture is heoted |\

|
[EANE

to 1077 ¢, An equimolar quantity, 12.5 gm of melonie
#cid 1e then added, and the mixture stiresd under re-
flux at this temperaturs for two houre, The evolution
ol carbon dioxide should have ceased, otherwlise heating

is sontinued until this oecurs,

Separation and recovery of ~roduct. The reaction

mixture, above, is poured with gnod atirring, into 50n
ml of loe water contalning about 30 ml of concentrated
hydrochloric aeid, At this »oint, any netoluldine by
nyroduet from the previous reactinn, and any unreacthed
s—-aminobenzaldehyde present should dissolve as their

hydrochlorides, le~ving the pwaminocinnamie acid to be

vrecivitated out,

If this precipitation is to be combined with the
afoprenmentioned aepnaration, it 1a recommended thnt the

precipltstied acid be redissolved in sndium hydroxids,
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fiiterad o romove additional mnino-aldehyde, and
respecinitated with hydrochlorie aold, This la=nt
nestralization should be garried anly %o oH sbout 4,8

in order ¢4 avold hydrochloride formatlon at low nH,

Gonmaietion of the Synthesis

“he Pollowing recomwndstions are not supported by

averimental findines, since the nreparations lie be-

¥ the scope of this paper,

preparation possess<s No ap.arant 4dirfisulty in the
Torm »f side reactione, now that no aldehyde grou; la
oreacnt. Therefore 1t oporearse that a stralght THhrward

acnbyiotlion with acetlic anhydride gould bs eanily dons,

inuamic estara, The

only methnd found in the 1itaratur95 for auch an ester-
iiic. Jlon war acenmulished by the Flacher-Ineler methsd,
wzine 3 salutlion »f the substituted clinnemic acid in
the rrover aloschnl, eatalyzed by a straan nf dry

nyérspan chloride,



SUMMARY

& number of wvarlationsz 2f the airultansous oxida-
tion ansd refustion of »-nitrntoiusne were found in the
iitier ture, The vxriationsg of Feard and Hmﬁgs@n,l
Lansosisne, 8l al,lﬁ Huay and R@liaahafar,l7 and
Licber=an ond Connsrll wers trisd ex erimentally,
The resttlion econfiitiona of Bespd and %3ﬁg30n1 wers

found Yo oraduce the beat ylelds,

lii view of a more gonvenient separotion of by
procucts after conversion of p-aminobesnzeldehyde tn
n=aiinncinsamie acld, 1t was found that ateam atrirning
of by »rpoduets, immedistely following the Torwatiog of
peamincboenzaldehyde, oould be omitted,

The inconvenient lsalation of p~aminabenzaldehyds
through 1ts sodium blsulfite additlon eowpound was slso

found £ be unnescessa:ry for the reasons Just glven,

A Aot solvent sxztraction ~T the resection nixbure
waz frund $to be the most affielent methad for recHrvepy
aof . -aninobenzaldehyde, regardéless of resctisn condi-

tion -,

Through the use of 2 =zolvent extractiin, the cruds
p-gminobenzaldehydes was obteined in s form suitsble fop

use in the malonic seld ¢ondensation, These -amino~-
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bearaldehyde orystals weres sufflclently atnble over
ghort neriods that the ne2d for acetylatisn at this

point was frund to be unneceasary,

“he malonic noid condensation wethnd dsscribed by
?&:pymﬁpé waa found to be quite setisfastory, .rovided
toat the malonle acld was pdded to the reactlon mixture

«
.{"3. o ®

The vrecinlitation of peaminocinnamle soid, and
Gisantutian of sntr-ined netoluifine, wne frund 1o be
~ugeszeful vhen hydrachloric acid wes substituted for

the necetie acld used by ﬁhngnse.?é
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